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It is well known that neuropsychological impairment can be as-
sociated with chronic epilepsy. This review suggests that a broad
lifespan perspective of cognition in epilepsy should include consid-
eration of: a) neurobiological factors that antedate the first seizure
and influence cognition, b) epilepsy-related factors that influence
brain growth and cognitive development after epilepsy is diagnosed
and treated, c) clinical epilepsy and other risk factors associated
with poor cognitive prognosis in the context of chronic pharma-
coresistant epilepsy, and d) the modifiable and non-modifiable risk
factors that influence cognitive aging in the general population.

Neuropsychological impairment is an important comor-
bidity of chronic epilepsy (1). A long and rich history of re-
search has characterized relationships between cognitive status
and a variety of clinical epilepsy factors, including etiology, age
of onset, seizure type and severity, duration, antiepileptic med-
ications, and other factors (2–7). In addition, modal cognitive
profiles have been derived for several syndromes of epilepsy,
and efforts have been undertaken to identify the shared ver-
sus unique cognitive abnormalities evident across epilepsy syn-
dromes (1,8,9).

The nature, timing, and course of cognitive impairment
in epilepsy are issues of substantial concern, particularly the de-
gree to which chronic, medication-resistant epilepsy may lead to
progressive cognitive impairment (10). While evidence of an as-
sociation between persistent epilepsy and cognitive impairment
has been reported (4), the early cognitive substrate or cognitive
base upon which subsequent chronic epilepsy exerts its effects
is an important consideration. Controlled studies of children
and adolescents with chronic epilepsy, but with substantially
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fewer years of recurrent seizures than the typical chronic adult
population, have demonstrated that these patients may exhibit
significant neuropsychological impairment (11–15), suggesting
the influence of an early adverse neurodevelopmental impact on
cognition.

Cognitive Problems May Antedate the Diagnosis
of Epilepsy

As investigators seek to determine the onset and timing of neu-
rocognitive disruptions, children with new-onset epilepsy can
help provide an early window on the process. To date, a small
number of studies have examined cognition in children with
new-onset epilepsy (16–21). Four of the six studies identified
cognitive impairments at epilepsy onset; the mixed results may
be attributable, at least in part, to the variable age ranges, test
batteries, and epilepsy characteristics. Our own investigation of
healthy children and children with recent onset of idiopathic
localization-related and primary generalized epilepsy reveal a
pattern of mild generalized cognitive difficulties that are evident
approximately 10 months after seizure onset (Figure 1). Inter-
esting are reports of academic underachievement prior to and/or
at the onset of idiopathic epilepsy (18,22,23), suggestive of an
antecedent neurobiological insult of uncertain etiology. Psychi-
atric or behavioral as well as academic problems may antedate
the diagnosis of epilepsy not only in children (18,22,24–27) but
also in adults (28,29) with epilepsy. The mechanisms underly-
ing this effect remain to be determined and are an important
issue for future research. In that these antecedent insults can be
observed even in children with idiopathic epilepsy, without ab-
normalities in overall brain volumes (16), the possibility exists
that factors associated with underlying epileptogenesis leading
to the onset of seizures may play a role (30).

Structural Brain Abnormality

One factor that may underlie cognitive pathology in children
with epilepsy is structural brain abnormality. Quantitative MRI
volumetrics have been used to characterize the nature and pat-
tern of brain abnormality in adults with epilepsy, especially
temporal lobe epilepsy (31–34). Volumetric anomalies in adults
are of clinical consequence, as demonstrated by their relation-
ship with impaired cognition (35–42). In contrast, examina-
tion of the relationship between volumetric abnormalities and
cognition are rare in the pediatric epilepsy literature and the
structure-function relationships are limited to IQ. The stud-
ies, to date, have involved only children with chronic epilepsy,
and the findings reveal abnormalities in cerebrum, cerebellum,
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FIGURE 1. Both the localization-related epilepsy (LRE) and pri-
mary generalized epilepsy (PGE) groups perform significantly worse
than controls in intelligence, executive function, and psychomotor
speed. LRE, but not PGE, differs from controls in language and mem-
ory. There are no significant differences between LRE and PGE
groups. Y-axis shows adjusted z-scores (reprinted with permission
from Brain 2006;129(Pt 10):2609–2619).

and hippocampus (43–47). A recent voxel-based, morphomet-
ric investigation of children with chronic temporal lobe epilepsy
found a distributed pattern of abnormality in temporal and ex-
tratemporal lobe gray matter (48), similar to that reported in the
adults with temporal lobe epilepsy (49–54). Studies on volu-
metric abnormalities and cognition represent an area that needs
future investigation.

Progressive Cognitive Impairment

Recent investigations have focused on the cumulative neurobi-
ological burden associated with chronic epilepsy and the risk
of progressive cognitive impairment (10). In addition, inter-
est is growing in lifespan models of the neuropsychology of
epilepsy (55,56). As mentioned, characterization of neuropsy-
chological status at or near the onset of epilepsy can provide
insight into the cognitive substrate upon which the effects of
medically intractable seizure, medications, and other potentially
adverse seizure-related factors may accumulate. It is becoming
increasingly clear that this early substrate is not unaffected—the
abnormalities often more diffuse than anticipated, with compa-
rable effects across broad syndromes of epilepsy. An important
clinical implication of these findings is the need to identify and
remediate early neurobehavioral problems, especially in light of
the possible adverse long-term psychosocial prognosis, even of
persons with remitted childhood epilepsy (57). Children with
academic problems at epilepsy onset are an especially important
group to target in that prospective research (58) has demon-
strated that a history of learning problems is a major marker for
poor long-term psychosocial outcome.

The consequences of recurring seizures and antiepileptic
treatment on normal cognitive development and brain growth
must be more comprehensively characterized. Neurodevelop-
mental trajectories may be altered; perhaps, a more pronounced

alteration occurs in younger children who are undergoing the
greatest cognitive and brain growth compared with older chil-
dren and adolescents—a hypothesis which remains to be fully
tested (59,60). The presence of even static cognitive impair-
ments in childhood and adolescence may have lifespan implica-
tions. Research on the general population has shown that lower
childhood intelligence level at age 11 is associated with the risk
of adverse cognitive outcomes decades later, while higher child-
hood intelligence is associated with better cognitive outcomes
and protective effects (61,62).

Similarly, long-term prospective investigations of normal
aging have demonstrated that cognitive abnormalities in midlife
may antedate or serve as harbingers of adverse cognitive out-
comes decades later (63,64). Thus, it may be important to op-
timize mentation and reduce the modifiable risk factors for
adverse cognitive aging identified in the general population
in order to maximize cognitive health in aging persons with
epilepsy. The status of mentation in elders with unremitted
epilepsy remains to be fully characterized, but the findings, to
date, are not favorable (65). The degree to which early (child-
hood) or later (middle age) fixed cognitive abnormalities set the
stage for greater than age-associated cognitive changes remains
to be determined.

Cognition and Temporal Lobe Epilepsy

Temporal lobe epilepsy has been of special interest from a neu-
ropsychological perspective, as it is a common syndrome, fre-
quently with onset in childhood or adolescence and a prolonged
and intractable course (66,67). Cognitive function among these
patients is typically characterized by significant memory impair-
ment (68), although it is now known that more diffuse neu-
ropsychological impairments may be observed as well (69,70).
Specifically, a mean pattern of generalized cognitive dysfunction
has been described, with poorer performance compared with
controls across all tested cognitive domains, including memory
(71). While informative, characterization of such an average or
typical neuropsychological profile of patients with chronic tem-
poral lobe epilepsy does not provide insight into the possible
distinct groupings or cognitive typologies that may exist within
the overall group.

A Taxonomic Approach to Cognitive Evaluation
Presentation and Course

A yet untapped approach to understanding cognitive morbidity
in epilepsy is taxonomic in nature. This approach involves as-
sessing whether empirically derived groupings of patients with
similar profiles of cognitive function can be identified either
within or across epilepsy syndromes. Taxonomies facilitate re-
liable clustering of individuals into meaningful groups, could
provide a different way of characterizing, and, thinking about
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FIGURE 2. Cognitive profiles in tem-
poral lobe epilepsy (reprinted with per-
mission from Journal of the International
Neuropsychological Society [in press]).

cognitive morbidity in epilepsy, as well set the stage for further
investigation of clinical and neurobiological correlates. To date,
taxonomic approaches rarely have been used to advance the
understanding of the neurobehavioral complications of various
epilepsy syndromes (72). That is, rather than grouping patients
on the basis of clinical seizure characteristics (e.g., seizure fre-
quency) and examining the relationship between these seizure
characteristics and cognition, a grouping of patients is derived
based solely on the pattern of performance across several cog-
nitive domains.

An example of the potential utility of this approach is the
recent application of cluster analysis to a large sample of patients
with temporal lobe epilepsy, which identified distinct cognitive
subgroups or phenotypes (73). Two aspects of those findings
are briefly presented here. First, from a neuropsychological per-
spective, three distinct cognitive profiles were uncovered: (a)
minimally impaired, (b) memory impaired, and (c) memory,
executive, and speed impaired (Figure 2).

Cluster 1 (Minimally Impaired ) consisted of approximately
half (47%) of the temporal lobe epilepsy subjects; they exhibited
the most intact cognition of the three cluster groups. That said,
their performance across several cognitive domains, including
language, immediate and delayed memory, executive function,
and psychomotor speed domains was significantly worse than
that of the controls. While statistically significant, the pattern
was one of mild but discernable cognitive dysfunction.

Cluster 2 (Predominantly Memory Impaired ) consisted of
27% of the patient sample. These subjects exhibited marked
impairments in immediate and delayed memory as well as sig-
nificantly poorer performance than controls across all other cog-
nitive domains. Thus, memory was the most striking cognitive
abnormality, and it occurred in the context of a mild, general-
ized depression of overall cognitive performance compared with
controls.

Cluster 3 (Generalized Impairment ) consisted of 29% of
the temporal lobe epilepsy subjects. They exhibited the poor-
est cognition across all domains compared with controls and
significantly poorer performance across all cognitive domains
compared to both Clusters 1 and 2. The most striking impair-
ments in this group fell in the areas of executive function and
cognitive/psychomotor speed. Thus, an underlying taxonomy
characterized by the nature, pattern, and severity of evident
cognitive complications can be identified.

Second, validation of these cognitive phenotypes was pro-
vided by examining profiles of demographic features (e.g., age),
clinical seizure features (e.g., duration of epilepsy, antiepilep-
tic drug polytherapy), and brain volumetrics (e.g., segmented
whole brain and lobar tissue volumes, CSF, and hippocampus).
In brief summary, the volumetric findings paralleled the cog-
nitive findings (Figure 3). The most intact group (Cluster 1)
showed significant abnormality in hippocampal volume with
minimal change in other morphometric measurements. As the
degree of cognitive impairment increased (Cluster 2 to 3), a
pattern of corresponding volumetric abnormality was demon-
strated (including greater hippocampal atrophy), culminating
in Cluster 3 for which there was evidence of widespread volu-
metric abnormality.

In addition, the most cognitively impaired group (Cluster
3) was older, had the longest duration of epilepsy, and took more
medications than the other groups, especially compared with
Cluster 1. Meaningful but statistically nonsignificant trends in
regard to other clinical seizure features also were found. For
instance, the Cluster 3 group had the highest proportion of pa-
tients with histories of more than 50 lifetime-generalized tonic–
clonic seizures, status epilepticus, and severe initial precipitating
injuries. Thus, Cluster 3 appears to be the group most likely to
have incurred both an earlier neurodevelopmental insult and a
more protracted and severe course of epilepsy.
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FIGURE 3. MRI volumetric findings in cognitive profile groups
(reprinted with permission from Journal of the International Neu-
ropsychological Society [in press]).

Cross-sectional studies, as valuable as they may be, can-
not provide insight into the prospective course of the disorder.
Of considerable interest, but still controversial, is the degree
to which abnormalities in mental status may progress over the
duration of the disorder. The issue of cognitive progression in
temporal lobe epilepsy is important, as curative surgical treat-
ments exist but are frequently delayed (66,74,75). Patients with
medication-resistant temporal lobe epilepsy often present with
considerable cognitive and behavioral handicap when finally re-
ferred for surgical consideration; unfortunately, sometimes after
decades of unsuccessful medical management (76,77).

Prospective cognitive studies of patients with epilepsy date
back to the early part of the last century (4), but these are
often characterized by rather limited assessment of cognition
(often just IQ), the inclusion of mixed seizure types, varying
test–retest intervals, lack of control groups, and other method-
ological shortcomings. More common are cross-sectional stud-
ies (70,78,79) that, while informative, suffer from the obvious
limitation of providing an indirect evaluation of neuropsycho-
logical change over time, cohort effects, and other methodolog-
ical problems that prevent a clear and unequivocal characteriza-
tion of the cognitive course of epilepsy (1). A recent review (4)
concluded that progressive cognitive decline does occur in a pro-
portion of patients and appears to be associated with markers of
a difficult epilepsy course (e.g., number of lifetime generalized
tonic–clonic seizures).

In summary, the neurobehavioral status of persons with
epilepsy is affected by factors unassociated with seizures or their
treatment per se—given that there is evidence of abnormalities
prior to the onset of the disorder, factors that are associated
with the course or consequences of the disorder and its treat-
ment, as well as general neurobiological factors that affect cog-
nition in all of us. The literature on cognition and epilepsy is
largely one of characterization and description, not treatment

or remediation—a glaring omission in such a long and rich
tradition.
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